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B UIROL is?

Fenntarthatésag a fizikaban

Alapkutatas — alkalmazas — interdiszciplinaritas
Globalis giga-projektek — mérhetd az egyéni hozzajarulas ?
MUszaki tudomanyok, orvos-bioldgia, agrar +
nyelv, torténelem (archeo); mlveszet, ...
Lesz-e kolcsOnosség, kapcsolat a két kultura kozott™?

Milyen veszélye van/lesz az elkulonulésnek?
Melyul-e szakadek? Tudomany-e a politika? Kell-e ehhez fizika?

Fenntarthaté oktatas
Meddig ndvekszik a tananyag? Es az emberi befogadékészség?
Mi a fontossag kritériuma a fizika tananyagban?

Eletfogytig tarté tanulas/tanitas.
Ki és hogyan méri az oktatas eredményességet? Ellenorzes?

,Kisérletezziink és gondolkozzunk?” VVagy forditva?



Szép-e a Vildg? Frdemes-e Eni? Megismerni?
Massal is e e — _
Ismertetni’?

w

meg

LAzert vagyunk a Vilagon, hoéy |
valahol otthon legylink benne”
— Tamasi Aron.




A Kezdet : ,Legyen Vilagossag !” Teremtes (Gen 1:3-5)
... Es latta Isten, hogy a Vilagossag J6 !

Vilag, Osrobbands: A. Einstein + @, Lemaitre = Statikus = Fejloddo

német fizikus belga jezsuita asztrofizikus-kozmologus
T

|

Dark Energy
Accelerated Expansion
Afterglow Light

Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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about 400 million yrs.

Big Bang Expansion

13.7 billion years
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Tud-e az Ember teremteni? Mi a Feladatunk? ALKOTO MEGISMERES!
A mai korszeri tudomany alapja: az ,,anyag” és a folyamatok megismerése.
Megfigyelés, ismétles, kisérletezes, feltaras — modell — elmélet - ellenérzés

Ezt CSAK A MMSZMG tudita megteremteni ! Eurdpa




Kérdések: Valaszok:

Fizikabol
mit, sokat, de legalabb valamit,
rkinek, mindenkinek (magunknak is!)
; mikor, folyamatosan - életfogytiglan
:’hogyan, érthetoen és tiirelemmel,
| mivel, Kiilonféle szintii eszkozokkel,
| miért a megismerés oromeéért (is),
: hol iskolaban és mindenhol.
/ tanitsunk?
" Es: ki ? ... j0 széval oktasd, jdtszani is engedd ..

,versenyzok” + erdeklddok + kozombosek + ,ellenségek” + ...
... T leendo politikusok




Mit es mennyit, meddig?
Marx Gy.: iskoldban egyetemi anyagot | Es egyetemen?
Alapok, elvek, torvények.
Mindent, amit eddiq a fejlodes hozott €s a jovo kivan +
,Modern fizika” = kvantumfizika (szupravezetés), EM-hullamok
Mit lehet kihagyni? Mi az dj? Technikai csoda * uj fizikai elv !
DE pl. csodatelefon az EM hullamok tanitasahoz?!

+ 1 év a kozoktatasban? (Vissza)emelt éraszam? (Harcolni!)

+ 1 év a felsooktatasban (tanar mar 5+1; 50-es évek: 4 1)
Atmenetileg: 5 éves osztatlan fizikusképzés !
Egyetem: Bolognai szész nélkul, mert 3+ 2 <<5 (+ PhD?)
Es: kisérletezés, gyakorlat, gyakorlat, gyakorlat. Kivel?
Az 5+1 tanarkepzeésben lesz-e eleg laborgyak?
Szakmodszertan vagy PePszi?
Tudos tanar: tovabbképzéesek; PhD 7?7?77




Miért éppen a kvantumfizika ?

Alap-, alkalmazott-, mUszaki tudomanyok fejlodese.
Interdiszciplinaris kutatasok; kornyezet.
Altalanos ismeretelmélet, filozofia, szocioldgia, ...
A Vilag keletkezese, az anyag fejlédese, ...

a legkisebbtol a legnagyobbig ~ egységes kep.

Meg nem szoktuk meg a szellemét, mert

sehol nem jut(ott) ra eleg ido;

elvont, nehéz fogalmak;

az egész ,klasszikus” fizikat tudni kell hozza;

draga eszkozok a Kisérletezeshez.

De: SZEP, bar nehéz a matematikaja!
(,Modern™: a gravitacio 100 eves elmelete is!)



Kvantumfizika: 1 eV =1,602:10-19 joule ... de sok kicsi ..., LV
Nagysagrendek !! 1 g 23°U hasadasa termikus neutronokkal = 3000 kg szén elégetése !
Rutherford tévedései

ATOMFIZIKA — MAGFIZIKA - RESZECSKEFIZIKA

MOLEKULA ,radioaktivitas”

SZILARDTEST

...1...100 eV 1...1000 MeV 10 ...10 000 ... GeV
Rel: 1 ~107 ~10%4 ...

Radioaktivitas: a kvantumfizika logaritmikus kbzepe
A jelensegek bemutatasa itt konnyebb: energia, kblcsonhatas, élettartam

Véletlen jelensegek idOben—térben és kapcsolatokban:
- fuggetlen esemenyek, véletlen folyamatok
- valoszinlUsegek, statisztikai gondolkozas,
- szabadakarat és lehetoséeg

Teller Ede optimizmusa

(O zongorézni is tudta a kildnbségeket a mikro- és makro vilag
kozott, de egységben is tudta kezelni azokat.)




A mikrofizika feladatai, teljesitokepessége

Kélcsénhatasok: ergs; elektromagneses + gyenge, gravitacios.
Relativ erossegek: 1 1Q:2 . 10°% 10-39
Egységesités: e e 3 2 2

+ klasszikus” fizika: az anyagi vilag és folyamatainak leirasa
(Vannak hianyossagai, de ezeket IS latjuk.)
A matematikat alapvetéen felhasznalja (néha uj igények).
Viszonylag ellentmondas-mentesen kezeli

-- a legkisebbeket (mikro részecskeék) és atalakulasaikat,
-- a legnagyobbakat (csillagrendszerek) és fejlédésuiket.

Mas tudomanyagaknak metodikai és targyi segitséget IS ad:
modellezés, (szuper)szamitastechnika (PC, web)

A tudoményos-m’l’jsgaki-technikai fejlodés legnagyobb
hajtoereje -- BEKEBEN



Az ATOM-, MAG- és RESZECSKEFIZIKA
(kvantumfizika) alapveto torvenyei
Diszkrét mennyiségek: energia, perdulet, ...

,Rojtos a széle mindennek”: valésziniseéeg, statisztika
Reszecskek, folyamatok, kvantumallapotok jellemzot.
energia (kin/teljes, kotési ...; diszkrét allapot)

lendiilet (folytonos), perdiilet (palya- és sajat =spin);
elektromos toltés (0; £1 £5-1/3 +2/3); el.- és magn. mom; tipus

Reszecske — hullam dualizmus, de Broglie: A= h/p
Schrodinger-fele hullamegyenlet
Heisenberg Ap-AxX > h/2®  (impulzus-hely)

Szimmetriak (szimmetriasériilés) > megmaradasi torvények
Energia megmaraddas: 1ddeltolassal szembeni invariancia; Ekin + Epot= all.
Lendiilet-megmaradas: koordinata-eltolas inv.
Perdiilet-megmaradas: forgas-szimmetria (M- h/2; spin: részecske-tipus)
Elektromos toltés-, tipus-megmaradads (lepton, barion), ...

Paritas-megmaradds



A megmaradasi torvények kapcsolatai

Az energiamegmaradas szilkséges, de nem elegend6 feltétel !
Ha nem teljesiil, NEM megy végbe a folyamat!

Ha teljesiil, bekovetkezHET a tobbi feltétel teljesiilése esetén!

A ,tobbi feltétel”: mas megmaradasi elv 2 “kivalasztasi szabalyok’.

Pl. Legerjesztddes fotonnal:
Stoton = 1-h/2wt =J > dipol sugarzds: nagy valoszinliség, ,,gyors”,
J>2h - kvadru- ...pol: kisebb val., ,,lassubb”
Hosszu ¢letidejli izomer-allapotok atommagoknal;
~fluor-, foszfor-eszcencia 6sszetett rendszereknél (molekulak)

Megmaradasi térvények - egyenletek -2 folyamatok leirasa

A neutron B-bomlasa: 1 1 0 05
P Dn1 4 1pD + _ eD + D\U
Barionszam B 1 1 0 0
Leptonszam L O 0 1 -1

Elektr.tltés q O +1 -1 0



Kva

A+x - C* »> Y+b+.. +Q

Mindkét oldalon: tomeg + kinetikus = teljes energia
reakciosebesseg bomlasi sebesseq, aktivitas

R=N®c =N-v.o 1s; AN/At=A =N-A [u5]

V. sebesség N = (m/M)-L L= 6:10%3/mol

®: részecskedram-stiriség T =1/A  kozepes élettartam

o: hataskeresztmetszet T,»=Ln(2)/A felezési idé (radioaktivitas)
H@i@@ﬂb@fg AE -t 2> /21t =6,582:1016 eV'S (1ev=1602-10% joule)

Vizsgalati modszerek:
1) utkoz(tet)és: rugalmatlan — gerjesztés (Franck-Hertz, ...);
2) spektroszkopia: gerjesztett allapotbol részecske/sugarzasok;

)
)
3) gerjesztesi fuggveny o© = f(EXoomb);
)
)

4) emittalt reszecskek energia- és szogeloszlasa;
o) élettartam ...



>
AE = Ev — Ek =% m-v? vagy = h-v (foton)

Kezdeti (1) és vegallapot (2) kozotti atmenetben AE
a részecske altal elvihetdé vagy
a gerjesztéshez szukséges energia

Perdi]let-megmaradés: | lv — Ik | S Jrészecske S | lv + Ik |

A SUGARZAS B A SUGARZAS
elnyelése < _ > kibocsatasa: forrasok
—>
T
¢ E, I ’:%Ezb ':D,_:>*Ez'z
| | |
: llegerjesztédés | legerjesztés
|
: o |
gerjesztes | ,,Hagyomanyos” |

b foton, részecske LEZER
Sl il b )

abszorpcio spontén emisszio stimulalt emisszid




s-clemek . p-clemek
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7 +Az clemek ideiglenes elnevezése
0 ~104 Rf-Ratherfordium - 104 Ku~Kurtschatovium
~105 Ha-Hanium - 105 Ns<Nielsbohnum
f-elemek

LANTANOIDAK

AKTINOIDAK

Kvarkok-> ..., nukleonok - [atommag + elekiron] = ATOM - molekula - ...



ATOMMAGFIZIKA ----- RADIOAKTIVITAS
= Sugarzasos tevékenység

A+x - C* » Y+b+...

Magreakcio: Bomlas, atalakulas; részecske kibocsatas,
rugalmas/rugalmatlan Gtkozesek, legerjesztédés (Id. atomok-molekulak)

atalakulas: y—, részecske-kibocsatas,

. 2+ - +. .
Hasadas, fuz|o oL: He<", [3 , [3 . elektron/pozitron,

AEa - Y-fotonok: elektromagneses sugarzas
" = 23,7 m 2l
A =60 : : B C
@ o 5 oL = 20U
2w 5 e 23
et o g 0 ;
: o Q a2 g EC, p+
: & 2 R S :
Ea ! 4z 0o !
: 2+ 1047m IT e T 2= e ]
: oo S s— 58,59 2 o 5228 ®
: 52174y 0 = 2388 9
: CO SIS SN
: 27 99.925% 7.5 4+ 2505,765 0,30 ps
; 10,0084% 7,4 <0,0022% =153 2+ ! 2158,64 ¢ 59 ps
X : 07230/07,2’ 07057:0/0 ]5’Q 2+ v 1332,516 0,713 ps
Ba, ———— Qp-=28239
X + X (aiz}Y 0+ . 0 Stable
a | z=a,b,¢, .. p-% Iglt 60mTs
C* Ni

Uj atommagok — atomok keletkezése *



Atommagterkep, 1
Nuklidkarte, Chart of the Nuclides

' VALTOZAS (bomlas, reakcio)

4 és STABILITAS (kotés)
Z

Z = Kkonst., N(A) valtozik: izotop

N = konst ., Z(A) valtozik:  izoton

A = konst. Z(N) valtozik: izobar

Z, N ugyanaz, elrendezésik mas: izomer

\ (hosszu életll gerjesztett allapot)

> Stabil (id6ben allandé) atommagok: ~ 280
Radioaktiv (bomld) atommagok szama: >2800




MINDEN iskolanak

Atommagtérkeép, 2. .
_ J P + ... beszerezni !!

[ - = ~ “—
LR SMONER e ARy :: . et /A
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Nuclear Science

uclear Scienc

questions,

Wi

happens when

R———

>107 K

105 3 min

quark. 0 proton & neutron formation of
ooy formati low-mass nuclei

Expansion of the Universe

Afeer the Big Bang, the universe expanded and cooled. At about 10°* second, the universe consisted of 4 soup of quarks, glions, electrons, and
neutrinos. When the temperature of the Universe, T s cooled to about 10" K, this soup coalesced into protons, neutrons, and electrons. As time
progressed, some of the procans and neutrons formed deuterium, helium, and lithium nuclei, Sl later, electrons combined with protons and these
Tow-mass nuclei to form neutral atoms. Due to gravity, clouds of atoms contraceed into stars, where hydrogen and helium fused into more massive
chemical elements. Exploding scars (supernovae) form the most massive elements and disperse them into space. Our earth was formed from

ion of

todsy

3K
14 % 10°ye

<S0K-3K
>3%10%yr

Beta Minus
Decay

-~

Chart of the Nuclides

Thie Chare of the Nuclides presentsin graphic form ll known
nuclei with atomic number, Z, and peutron number, N.

Each nuclide is represented by a box colored

according to its predominant decay mode.

Magic numbers (N or Z = 2, 8, 20, 28,

50, 82 and 126) are indicated by a

rectangle on the chart. They

correspond to major closed

shells and show regions

of greater nuclear

binding energy. '

www.CPEPweb.org

Rxdiom.ivedemy wansforms

2 nucleus by emitting different
partices. In .!gb. decay, the
nucleus releases a $He nucleus
~an alpha particle, In beta decay,
the nucleus cither emits an clec-
tron and antineutrino (or a posic
tron and neutrino) or capeures an
atomic electron and emits
neutrino. A positron is the name
for the antiparticle of the electron.
Antimareer is composed of anti-
partickes, Both alpha and beta
decays change the original nucleus
into a nucleus of a different
chemical dlement. In gamma
decay, the nucleus lowers its
internal energy by emitting a
photon-a gamma ray. This decay
docs not modify the chemical
propertics of the arom.

Color Key

B Stable
¥ Spontaneous
fission

| Alp.ln‘ particle
cmission

W Beta minus
cemission

B Beta plus emission
or electron
captare

temperature (K)

- early

/ unjiverse

/nCﬂﬂ'Oﬂ star

1x10" 2x10'"*

density (kg/m?)

Phases of
Nuclear Matter

INudear matmer can exist in several phases.
When collisions excite aucle, individual
protons and neutrons may evaporate from
the nuclear fluid. At sufficiendy high tem-
perarure or density, a gas of nucleons (red
background) forms. At even more extreme
conditions, individual nucleons may cease
to have meaningful identities, merging
into the quark-gluon plasma (yellow
background). Current data

provide hints that physicists

have glimpsed the quark-

gluon plasma.

1 is 2 muclens formed from
d beutrons. E
c quarks hcld

h nucteon is

5. ]n\mrl the
strong Inferactions

Stl'()ﬂg

field
<10

electromagnetic
field

round thie pucleay
0,00K) tinyes

asmall town

126 Niclear reactions release encrgy
when the total mass of the pro-
ducrs is less than the sum of the
masses of the initial nuclei. The
“lost mass” appears as kinetic
energy of the products (E = me).
In fission, a massive nuckus splits
into two major fragments chat
usually eject one or more
neutrons, In fusion, low mass
nucki combine to form 2 more
massive nucleus plus one or more
cjected particks—neutrons,
protons, phatons, or alpha
particles.

Legend

proton

neutron

"
Unstable Nuclei
Stable nuclides form a narrow white band on the Chart of
the Nuclides. Scientists produce unstable nuclides far from this
band and scudy their decays, thereby leaming about the extremes
of nuclear condicions. In its present form, this chare contains
about 2500 different nuclides. Nuclear theory predicts that
there are at Jeast 4000 more to be discovered with Z < 113,

Element
112

Sci:mim first synthesized

Element 112 in a particle
accelerator experiment. They
idensificd it by observing its charac-
teristic six alpha particle decay chain.

Fusion

Radioactive Dating

e
sch a5 "4C are used to dase objects thar
wese once living, sach as wood. For eample,
from a seudy of artifacs found at the site,
scsentises determined that Stoncheage

wis buike ncarly 4,000 years ago.

Smoke Detectors

Many smwcke detectors use 3 small amsoant
of the alpha cenitter JyAm 10 ionize the aic.
Senoke entering, the detector reduces the
cuerent and sees off the slarm.

Applications

Space Exploration
Sojourser used alpha particles 1o

identify chemical clemers present
in Martian rocks. On Earth, nuckar

reactions are used i mmy arcac
from criminal inveseigatioes to
art autbencicasion.

Nuclear Medicine

Radioscrive isotopes, such as T, 7Co
and "$31. aec commonly used in the disgnosis
amd treatment of discase. Positron cmitters

beain activicy.

he local
such ax'3F are used in Positron Emiscon \‘ \ enaps the demity of hydrogen w0 pmdm
Tomography (PET) to generace images of \ threedimensional images of the human body:

Nuclear Reactors

Nudeat geactors use the fision of
U o "21Pu muxclel 10 produce
dearic power. Reactors and most
B e —
radioactive wasee; disposa) of chis
waste s subject of current resasch.

€ I
Magnesic Revocance Imaging (MRI) makes use of atomwic
ransicns oo the magnecc i of s sy
"y A

Astrophysical picturcs courtesy NASA/JPLICaltech and AURAJSTSGL.
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Fusion

FEACTIONS power the sun and other stors. In fusion reackions, kow-mass nuclei combine, o fuse, to
v, v v mck, The! ok protess comvert whoss ) 43k Rnoke encrg (Bl 03 deacribed by
Einstoin's formula, E = mc2. In tho sun, & sequence of fusion reaciions named the p-p chain bogins with pro-
fors, the mudei of erdinary hydrogen, and ends with alpha porticles, the nuclei of hefium ctoms. The pp
chi rovices mat f e s maevgy; cnd 1 will coin 0 0 for il oo

ENERGY SOURCES & CONVERSIONS
- [AN OVERVIEW OF ENERGY CONVERSION PROCESSES

Energy con toke on many forms, and various processes convert one form info another. While
tolol energy clways remains the some, most conversion processes reduce useful energy,

Sources Conversion Useful Energy

RSN

Physical Parameters of Energy-Releasing Reactions
Reaction 3 _Chemical Fission Fusion
Sample Reaction | C+0O; Tn+ 235 D (2H) + T (3H)

=»COy =430+ 9Kr+2ln = 4He+ In

Typical Inputs Cool U0, (3% 235y Deuterium
(to Power Plant) | and Air +97% 238y) and Lithium

Typical Temp. (K) 1000 1000 100,000,000

Energy Released
per kg Fuel (J/kg) | 3.3x 107 2.1x10'2 3.4x10M

HOW FUSION REACTIONS WOR
= NUCLEAR PHYSICS OF FUSION
Fusion of low-mass elements releases energy, as does fission of high-

A
eV]

Ener
n

foo

Bindin,
por nuc

020
Nucloar Mass (u) 50 100 150 200
Low-Mass Elements Only Nuclear Mass (u)
Nuclear Reaction Energy: AE = k (m;-my) c2
From Einstein’s E = mc2. AE = energy change per reaction; m; = total initicl
(reactont) mass; m; = tokal final (product) mass. The conversion factor k is 1 in SI
units, or 931.466 MeV/ucZ when E is in MeV and m is in atomic mass units, u.

Useful Nuclear Masses Fusion Rate Coefficients
(The electrcn's mass is 0000549 u.) 10-%9, v vy
Label _ Species  Mass (u') D+T
n{'n) neutron 1.008665
pl'H) profon 1.007276
D(2H)  dewteron 2013553

PR
TOH mion 3015500 P
He heliom3 3014932

/’-‘_l; ]
affe) helumd 4001506 0-sop/ Primery process in our vem

*1un1.66058 %107 kg« 931,486 MeV/c? 107 100 10° 10"
Tion (K]

Plasma Fusion Reaction Rate Density = R n; n,

n),ny = densities of reacting species [ions/m3); R = Rate Coefficient (m3/s).
Multiply by AE to get the fusion power density.

1024

Rate Coefficient, R (m3/s)
33
&8

-
Fusio
Physics of a F

“o-p": SOLAR FUSION CHAIN
p D Vv« ° .L i §
; o ¥ Y
.» %
3He
P@™ W
P P .s w7

3He
‘ hh; Y
o

. g
D Vi eor ~»4¥

T 20 kev 14.1 MeV

1eV=1.6022x 1019 ), Average
thermal kinetic energy is 1 ¢V per 11,600 K.

To make

FUSTOM foppen cn the corth, atoms must be heated to very high temporatures, ypically cbove 10 mik
lion K. In this high-tempercture stcte, the ctoms cre ionized, forming ¢ plasma. For net energy gain, the
plasma must be held logether (confined) long enough that many Rusion readions occur. If husion power
plonts become practicol, they would provide a virtvally ineshoustble energy supply becouse of the obun-
donce of fueks like deuterium. Substansiol progress towards this goal has been made.

ergy Source

PLASMAS - THE 4t STATE OF MATTER

‘| CHARACTERISTICS OF TYPICAL PLASMAS |

Plasmas consist of freely moving charged parfides, i.e., elecrons and ions. Formed o high sempero-
hures when electrons are stripped from meutrol aloms, plosmos ore common in nalure. For instonce,
sars are predominantly plasma. Plasmas are o “Fourh Stote of Marer” bocause of their unique physi-
cal properties, distinct from solids, Iiw"da ond goses. Plasma densiies ond Semperatures vory widely.

Inertial
o us.l:'; 3 Ioulmnm
reactor fusion
-
Nebulo
j
corona

o Sollr wind n sign

—
o
L

—
(=]
o

Interstellor space flyorescent light

Avrora . Flomes

/5\\\

Temperature (K)
—
o
»

—
o
N

CREATING THE CONDITIONS FOR FUSION
PLASMA CONFINEMENT AND HEATING |-
Gravity Magnetic Fields Inertia

' i

ciable energy.

. ceseinenee Sizee 1019 m oo §izes 10 M <oreeeecnin
Tynical Scales: Plasma Duration: 1015 - 1018 5 Plosmo Duration: 10210 108 5 Plosma Durosion; 10 9» 07y
Heating * Compression * Electromognetic Waves * Compression
Mechanisms: * Fusion Product Energy * Ohmic Heating (electricity) limplosion driven by loser
o « Neutral Beam Injection o o boomy,or by xreps
{beors of clcmic hydrogen) el :d"’” i
B — * Fusion Product Energy
* Fusion Product Energy

[ 1o° o" 102" 107 10%
Number Density (Charged Particles / m3)

HIEVING FUSION CONDITIONS

1980s o fa ©
r ®
o 197580 ]
L ° @ Mogretic
orozs ¢ |3 e
o !

108 107 108 10°
lon Temperature (K)

Fusion results are currently imited by the experimental fosilifes avoilable workd-wide. The
planned consruckon of on inkernasiond burning plasmo experiment (for mognetic fusion) and the
the complated advonced laser focilifies (for inertiol fusion) will enablo further progross.

— —
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~N o

CPEP is 0 mon profit ceganization of leachers, physiciss, and echcators, with subssontial sadent invoivement, Corperare cnd
peivae donaions 03 wel s rofionol loboratory funding have been and remoin crucicl 1o the success of this project

This chort wos craaied by CPEP wih support rom fha folowing orgonizasions: the AP jourmol hysis of Plowes, e Division of
Phasma Physics of the APS, General Akomics, Lowsence Lvermare Notondl Loborolory, Mosscchusets esivis of Teckology,
Pinceon P Phpics Loborokey, b Urvrsy o Rocheser Loy ko Loer Energeics, ond h U'S, Do o
Enargy, Ofice of Fusion Ensry Sciances. Imoges conriesy of NASA, fa Naonal Selar Observatuey, and Siove Albers as well as
the orgonzatons listed above. CPEP Chorts are dustributed by Science Ki and Boreal Laboratones (1-800-828-7777).




The Standard Model summar zes the current knowle

heury of weeak and vlel

matter constituents
spin = 1/2, 3/2, 5/2,

FERMIONS

electron
neutrino

<1x1078

£ electron |0.000511
gy muon
/X neutrino

<0.0002 C charm

ft muon 0.106 S strange
p,_ tau <0.02
T neutrino

T tau 1.7771

Spin is th ‘mtrinsic angular mormentum of porzices, Spir s give

R which is the
quantum uni of angular momentum, where 5 = I2x = 6,58+ 5

Elactric charges aru given in units of the proten's charge, In SEunits o
the prazon is 1,60 2% celombs

w electric charge of

T e energy unil o parlicle physies is the electrunve LleV), Lhe energy gained by coe sle-

tron in crossing & patential difference o vch. Masses are given n Gavic? (rememba

£ = mcd), where 1 GeY = 10% oV = 1,60x107"Y jou ¢, The mass of the proton is 0,938 Govicd
7210727 ky.

Matter and Antimatter

For every partizle type thers i a corresponding antiparticle type, denos-
cc by ¢ bar aver the parscle symbo {unlzss 1 ¢or - charge is shown),
Partide and zntipa-ticle have identical mass and soin but oppcsite
charges. Soms elzctrically neutral kosons {e.9., 2% v, and v, = ¢, but nct
K9 = S are Al ot L parlices,

Figures

Trese diagrams are an artist's conception of physical grocasses. They are
nof exact and have po meanicghul wale, Gresn shadsd aress rspresent
the cloud of gluors or the gluo~ fiekd, and red 'ines the quark patns.

Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

in Parzicle *hysics. Itis the quantur thzory that includes the theory of strerg interactions (quantum chromadynamics or QCD) and the unified

Structure within

Quark

107%m

Atom

Size -

10-10

3
ind the entir

the Atom

in this picture
alacirons woukd £ |

Electron
Size = 10°¥m

Neutron
and
Proton

m would be abeut 10 km acrass,

Flavor

Electric Charge

Electrically charged

“w cuads &

ayne e interaclions (electrowedk). Graviy is includec on this cherl because itis une of the Tundarmenta interiselices v

60

Heugh not part of the

“Stantlacd Muodel.”

BOSONS

force carriers
spin=20,1, 2, ...

Color Charge

Each yuark cartivs ane of three types cf

Ustrong charae,” also called “calor charge.”

These charges have notming to cc with the

colues of vis Ll lighl. The s are eigli. possible

types of color charge for gl . Just as slectri-
cal pcharged particles interset oy excharaging photens, in strong interactions color-charged par-
tirles inderact by exchang ng gluons. Leptons, phntons, ant Wand Z hosans have 59 strong
interaction: and hencz no coler charge.

Quarks Confined in Mesons and Baryons

Une zannot isolate guarks ard gluens; thay zre confinad i~ color-ne.tral particles called
hadrons. Th's confinernent (binding) results from multiple exchanges of gluons among the
color-charged constituents. As colorcharged particles (quarks and gluons) move apart, the ener-
gy in the cclor-force fizld cotween them increazes. This energy eventuzlly is corverted into addi
liurial yuark-sntiquark peirs (e figure below). Tre quarks and anticuarks then comsine into
haarons: these ars the partic es se2n to emerge. Iwo types of had-ons have been caserved in
nature: mesons g a-d baryons qqa

Residual Strong Interaction

Trc strong bindng of color ne.tral protons and neutron: to form nudci is due ©
strong inleractivs belween their tolo-chargsd consUtuents. 1L simi

trical interactio ~ that binds electr zally neutral atoms wa form molecu es. it can =lsa be
viewed a5 the exchange of mesons betwoeen th drons.

plon

kaon
Not applicable
tc quarks rho

Not applicable
to hadrons

hadrons

~  qluans

hadrons

hadrons——

The Particle Adventure
Asis the awardwinning vaeb fesiure The Parodfe Adventure al
hutp://ParticleAdventure.org

This chart has been made possible by the generous support of:
LLS. Departnent of Energy

U5, Mational 5 ence Foundation

Lawrence Berkelzy National Labaratory

stanfors Lirecr Accelerator Certer

Arrarican Physical Soiiety, Division of Perticles and Tieds

BURLE 1HDUSTRIES. INC.

22000 Tontemporary Fhysics Education Mrojact. CPZP is @ nen-prof t crganiza-
tion at teachess, physcists, ans edicatars. Send mail tn: CPIP, P45 ©0-108. Lawrence
Berkeley Nationa Lzboretony, Berce 2y, C4 94720 For informaticn on charts, tect
raterialy, Fands-on dass ooim sotivities, and workshops, see

http://CPEPweb.org




THE HISTORY AND FATE OF THE UNIVERSE
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THE HISTORY AND FATE OF THE UNIVERSE

The Big Bang and Expanding Universe

Space is expanding from an initial moment called the Big Bang, As it expands, the universe

becomes less dense and cools, All distant galaxies are moving apart from each other and

away from us. On large scales, the universe looks the same in all di
g THaras

tory of the Universe

Four major eras in the expansion history:
Era | - Acceleration: Inflation
Speeds Expansion
Observations seem to imply that the very

Cosmology and

Relics of History
Cosmology is the study of the universe as
a whole. As in archaeology, cosmology
finds clues to the past in relics. We can
- | look back in time by looking out in space,
| | Since light travels at 2 finite speed ¢, the
time t we are looking back is ¢= d/c, where
| | d is the distance. The laws of nature
71 discovered on Earth are applied to the
early universe and tested by’ observing
relics.

accelerating expansion, called infiation. In a
tiny fraction of a second, inflation expanded
each part of space by a factor of at least 1026,
Before inflation, the portion of the universe
visible to us today was a smooth patch much
smaller than a_proton. ‘As-inflation ended,
the visible' universe had grown (very
approxiniately) to the size of a ball.

A Relic from the Early Universe
The Cosmic Microwave Background
(CMB) is“a universal bath of lightwaves
(photons) from the hot, dense, ‘early
universe.To one part in 100,000, the CMB
is the same no matter where you look.
The remaining tiny varfations in the
density of mass-energy (shown in figure)
are_seeds that later form galaxies and
larger cosmic structures.

Eras 2-3 - Deceleration: Expansion
Slows and Structure Forms

After inflation, the universe was a soup of
fundamental particles, called a quark-gluon
plasma. Photons and fast moving particles,
generically called radiation, gradually lost
energy (cooled) as the universe expanded
(the energy went into the expansion).
Eventually, slow-moving matter became
dominant over radation. Over time, larger
and larger structures grew. from galaxies to
clusters of galaxies to superclusters,

Simulotion of matter
distribution in the
corly universe that
crentually yielded
golaxies ond clusters
of galaxies.

This is on image of the universe from the time
when atoms first farmed. It is @ map of the
entice sky showing CMB light with the uniform

part subtracted. Era 4 - Acceleration: Dark Energy

early universe underwent an excremely rapid, |

Age of the Universe

Seudying the cosmic microwave background,
/| the expansion of the universe, and the life
cycles of stars leads to a marvelous
agreement that the age of the universe is
about 14 billion years (1410 yéars).

P P Z
Astronomers had assumed that the current
unlverse is dominated by matter, which would

Tlots

Four eras and eight major stages in the evolution of the universe

The Big Bang occurred everywhere in the universe. Here one region has been illuminated
and followed through time. The expansion is far greater than can be shown here.

—f—

_Nudeortzml — ) anthe
[

(s
UIIO'YI‘_V_

jl Atoms'forlhlx_

cause deceleration and might even reverse | .0 - o

the expansion. So it was 4 great surprise in
1998 when observations showed that the
expansion of the universe is now atcelerating

(see the “Accelerating Universe™ plot). This | ©

implies the existence of a bizarre new form

| of energy, referred to as dark energy.

» 7

Learn more at
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This chart has been made possible

- universe began 5
10 2 new form of energy called “dark energy”™ that pulls space apart.

The Accelerating Universe

)-This acceleration is attributed

B R

The data (white dots) are in the

t blue region, which indicates that
A the expansion of the universe
has been speeding up after

127 earlier slowing down.

If the data had been in the
gold region, the universe
would never accelerate, and
if the data would have been
on a curve such as the blue
one, the universe would
eventally colkapse.

Average distances between golaxies:
relative to todoy's distances
= o
o w®

S
Y

°
o
NG 3¢ kg ABajourse Toussdng s jo A5n0d 10k

-5, ) 5 10 15
Billorss (10%) of: Years from Todoy
Before the supernova research, physicists believed that the whole expansion history of our
universe would lie in the gold region, where the expansion would be slowed by the
artractive force of gravicy. Now we see from the supernova data that the expansion history
lies in the blue region, where attractive and repulsive forces compete for dominance,

o reverse into colfapse depends (according
“ | to gravitation theory) on the 2mount and

The Fate of the Universe
- Composition ‘of the Universe

Whether the expansion of the universe 3 g
will speed up, slow down, or even possibly

AT ENERGY. TR
 DARKENETR

types of matter and energy in it.

; The ordinary matter — atoms and nuclei —

that formed in ‘thé early universe can -

| account for the visible mass in gataxies and

clusters. But the amount of ordinary ORDINARY MATTER
macter s a tiny fraction of the total mass  The nature of dark energy and dark mauter are
needed to bind a galaxy or cluster together two of the great questions facing cosmology
gravitatonally and explain ts internal  and particle physics. Perhaps dark energy is the

| directly visible.

h | motions. So an extracrdinary new type of

matter, not made of atoms or nude, must
exist it is called dark matter because it is not

B '

‘Even stranger, recent observations of
supernovae in distanc galaxies show that
the expansion of the universe is in fact
accelerating. An exotic dark energy may be
causing this acceleration through a cosmic *
repulsion that overwhelms the pull of
gravity due to matter.

cosmological constant, introduced by Albert
Einstein in 1917, Perhaps both are new parts of
particle physics, tied to the very earliest
morments of the universe and having to do with
the nature of physics and spacetime itself,

Not all answers in science are known yet
With research and experiments under way in
astrophysics, particle physics, and nuclear
physics, we may be the first generation to
learn what most of the universe is made of
and what is the fate of the universe.

Science

— ;@Ofﬁceof

Us. n."EPARTMEMT OF ENERGY
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SZINTEK és HELYSZINEK

1. ISKOLA kiegészitett alapeszk0zok; orai- és tanulokiserletek,
bemutatas, fakultacio, verseny, szakkor, ~TUDOK...

2. OVEGES-laboratériumok ...+ emeltszint{i érettségi + ...
altalanos- és kozépiskola;

@ TAG TermészettUDomanyos labOR . e
b & Oveges labor és szellemi miihely Debrecen az uzemeiteto tanarai

a felhasznald tanar

3. TUDOMANYOS ELMENYKOZPONTOK
Egyedi eszkozok is, mlszerek (karbantartas!)
Szakkorok, ismeretterjesztés, szorakozas. g |
,Profi” lzemeltetés; diakok, tanarok (dijazas) S
Részvételi dij!

4. EGYETEM + Eszkozok: elbéadas, laboratorium; kutatas
Szervezett egyedi-csoportos foglalkozasok, bemutato: TUDOK +5

5. KUTATOINTEZET nagymiszerek; bemutatok, TUDOK

6. GYAR/UZEM Kutato-fejlesztd labor (NI); specialis teruletek.
7. ITERNETES KOZVETITES, TAVMERES a 2-6 helyekrdl (IP sz. kamera).

£ 3 AGORA|

Debrecen




+ Egymasra utaltsag: egyetem, kozoktatas

Egyetem:  segiti a kozoktatast tanarkepzeéssel,
tanarok tovabbkepzeése;
Kisérletez6 diakok fogadasa, TUDOK;
iskolai fizikaorak specialis teruletekrdl;
fizikadrak az egyetemen;
Ismeretterjesztés.

Iskola: segiti a tanarkepzest;
ellendriz, befolyasol;
Kisugarzasaval szeéles korben kozvetit;
erdeklodo diakokat kuld az egyetemre,
akik  megujit(hat)jak az egyetemi oktatast.
Kozvetlen kapcsolatok a tanarokkal, k6zos palyazatok.

OSSZEHANGOLAS: Oktatasi szintek (alap, emelt, verseny, ...)

Eszkozok: felmérés: hol mi van, mi szukseges?
Koordinalt beszerzés minden szinten. Fejlesztes.
PALYAZATOK ! NKFIH



Tapasztalatok

Kutatok ejszakaja, Muzeumok ejszakaja.
Csatari L.

Egyetemi-, kozeépiskolai beiskolazas. Kirsch E.

TUDOK, nyari taborok; iskolai fizikaorak; bemutatok. Sz-né Nagy J.

Szakdolgozatok, PhD.
Optika, atom-, atommag- és részecskefizika
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KISERLETEK, MERESEK és BEMUTATOK

Részecske-hullam dualizmus

Iskola: fotoeffektus: Zn-lemez + el.szkop + erds fényforras
napelem-cella + arammérés a hullimhossz fiiggvényében

video: elektron-interferencia
interferenCia (éS dlffrakCIé) fénnyel https://www.youtube.com/watch?v=PangoHa B6c

Intenz1ta> e o:zlasok két-réses interferencianal 2.=632.8 nm Kétréses elektron-interferencia . .
¢g=00mm | D200 cm source Hitachi
|Rés szélesség = 0,
/ \ Electron biprism
2 3
2 E— k ) I‘%\"::'-'.: — :.-!:ff
2 Detector | HITACHI
o "-\.\
“*-(“}—“—='—’"" -
Double-slit experiment with single electrons
L
Omm= "[— 0.25mm 0 an
V,40 v,.oumm
eswwlsag

A. Toromura 1989

OvegesL/TudEImK elektrondiffrakcios csé; A=f(U)
Egyetem/Kutato. Compton-, ..., szOras
elektronmikroszkop



https://www.youtube.com/watch?v=PanqoHa_B6c

KISERLETEK, MERESEK és BEMUTATOK
Gerjesztes — spektroszkopia 1: atom/molekula/szilardtest, ...

Iskola: Forrasok: (izzolampak) gazkisiilési csovek (vannak még?);
Hg-gerjesztésti hazi/utcai fluoreszcens, Na-lampak (utcai)
Spektroszkopia: alapkészletbdl prizma, racs;
hazilag készitett 1skola1 ¢s Otthonl CD/DVD- spektroszkop

C K fé DVD 1 rend \
Kompakt fénycsé CD ~3 rend om 8nycss ren

Na'gy nyomasu utcai

Na-lampa CD

pakt
I-m-l-lulululmnmm |«| mll nmJ
Iskola + 'l'*'l'ljlll,lll,ll'l ||| ||||| ||||||||||]|

OvegesLab,
TudEIményKozp

Das Handspektrosk 7
Zeigt das farbig

00/mm

, 00 _
RLGS ! AstroMedia Zuckerdamm Neustadt




KISERLETEK, MERESEK és BEMUTATOK

Spektroszkapia, 2.
Egyetem/Kutato:

Optikai spektrométer
(racs + digikamera, Ocean)

g o

Egyeéb forrasok:
LED, lézer.

Hg-lampa
spektruma
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KISERLETEK, MERESEK és BEMUTATOK
A f‘olyamatok statisztikus jellege 1. - eseménvek idébeli eloszlasa

Iskola: radioaktivitas (hattér, Th-os gazharisnya, U, ...)

egyszerit GM-csoves szamlalo.

Megjelenités: impulzus szamlalas, oszcilloszkop, ...

Detektor + elektronika, kijelzes: sajat készités

Kisérletek: 1. impulzusok gszcilloszkopon
idoben fiiggetlenek a bomlasok
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KISERLETEK, MERESEK és BEMUTATOK

A folyamatok statisztikus jellege 2. - események id6beli eloszlasa

Iskola + OvegesLab, TudElményKizp,
Egyetem, Kutint

Soros/USB-illesztéstt GM-csoves szamlalok (k
Hattersugarzas 1dobeli statisztikus ingadozasa

Idoben és térben véletlenszeru bomlas
Web-kameras o-detektor

‘V\\

Egyetem, KutInt, INTERNET Radon-géz o-bomlasa kodkamraban
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KISERLETEK, MERESEK és BEMUTATOK

Bomlas: élettartam, felezési id6 — 1=lo-exp(-t/7); T1/2 = 1-Ln(2)
1dobeli eloszlasok mérése: a gerjesztett allapotok | 7

Iskola, OvegesLab, TudEImKozp '\

f

Nehézség a ,,legalis” rovid T1/2 radioaktiv forras!
a) Foszforeszeencia: ,,gyerekjatékok™, festékek,

gyurmak: j61 mérhetd 1dok és aramok Si-napelemmel
(+DMM+PC). BAJ: 2 - 4 komponens!
Gerjesztes: kompakt fluo, Hg, UV | Foszforeszcencia

b) Radioaktiv bomlds
5.0 LevegoObeli Rn-gazokbol
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Dorogi B. Szakdolgozat, 2014.
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¢) Neutron-indukalt magreakcioval eloallitott izotopok bomlasa
Egyetem/Kutlnt, de gyors szallitassal kozeli helyszineken hasznalhato:

155In + 1on > 1o In +y azaz 121N (N,y)eIN
(95,71 %)
és bomlas T12=54m  H5,.In > B~ + 116.,Sn

115491n (n,na) 115m49|n 115m49|n S Y + 11549|n
(95,71 %) > B~ +1°,Sn
T12=4,49 h
103, Rh (n,y) 1%4Rh 104, Rh > B~ + 104, Pd
(100 %) T1/2 =42 s
199,2Ag (n,y)"°Ag H07Ag > B+ 119,,Cd
(100 %) T1/2=24,6 s

+ 10mAg izomer bomlasa, T,, ~ 249,9 nap



T1/2 meghatarozasa:
a mért intenzitasok idobelyeggel rogzitett ertekeibadl.
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KISERLET LK, MERESEK es BEM U TAT OK
Neutronok altal meglokott

-
il

protonok: rugalmas (n,p) szoras =558

Atom(mag) atalakitas |

Th(B+C) forras alfa-

részecskeivel

Eo = 6,05 és 8,78 MeV
TudElményKozp,
Egyetem, Kutint +

Rutherford-széras Ag-lemezen A= LS




KISERLETEK, MERESEK és BEMUTATOK
Kornyezeti radioaktivitas hattérbdl, ,flibsl-fabol” sugarzas
Iskola, OvegesLab, TudEImKozp (Egyetem/Kutato)

Talajok, gyogyvizek, keramiak, ... aktivitasa
B-merések és y-spektrometria segitségével

Becslés vegyuletek, mltragyak K-tartalmara

a K-40 (1,25-10° év) aktivitas alapjan

(rétegzésnél onabszorpcio, tavolsagfugges!)

NPK mitragya: P205=6%, K20=28%, Ca0=9%, MgO=6%

(I+3)0Mas 100

y 4 y=182,42x-2,5413
1,...7 réteg NPK ol " Hitelesité egyenes — ="
es ~3 reteg KCI
,aktivitasa”
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Dorogi B. Szakdolgozat, 2014.



KISERLETEK, MERESEK és BEMUTATOK
Részecskék a vilaglrbol: mion-vadaszat (T~2 ns)

1.

Két detektor: irany -- teleszkop

- P_ ______ légkir 100 g;"r:m2 100 g;"l:rn2
hatara .
magalctiv - a S —
komponens 1033 g/cm .

L S (15-20 km)
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14,
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4 /' A*B viz -
A+B viz =hattér koinc, de
<l = rossz irany:
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Sok
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=hattér J

video




KISERLETEK, MERESEK és BEMUTATOK
Részecskék a vilagurbol: mion-vadaszat (T~2 nus)
Professzionalisan !

2.

Sok detektor sik: nagy hatasfok + szogeloszlas
= elektronikus digitalis kodkamra = gyors!! Muon-video kamera?.

K-abszorpcios kep: muon-CT — barlangok, épuletek, piramisok.
=3 : S Jfll e Ny . :

- et W M N S )

Készulnek a detektor-sikok és az edmény
Dr. Varga Dezs6, Molnar Janka (Wigner)

OvegesL, TudEImKp2: GM-csoves rendszer (Iskola)
Kutato/Egyetem: Fejlesztés, gyartas 2 TudEImKp

CERN: tavaszi orszagos adatkiértékeld diakmuihe

szakmai kirandulasok folytatasa.
EU? Elektromagneses zaporok kiterjedtsége:
szcintillacios kaloriméterek telepitése halézatban.
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videol, video2



EGYEB LEHETOSEGEK a (MODERN) FIZIKABAN

,Hidegfizika”. anyagok LN2-hémérsékleten
a szupravezetés ,csodai”

Elektromagneses hullamok tulajdonsagai

Mikrohullamok optikaja. Lézerek; nem-linearis optika.
Zold lézer — kek felvezeto lézer.

Szaloptika. Holografia. Tavmérés LIDAR-ral.

KULONLEGES KISERLETEK
KULONLEGES HELYSZINEN

avagy vizTORONYmagas-fizika

” AGORA -
Egyetem/Kutato/OvegesLab -- 1skola bezcen

Termeészettudomanyok, mUszaki, agrar,
orvos-biologia, ... Science-on-Stage !




Néhany szukséges alapeszkoz, anyag

a) Olcso, nagy aramu (kisfeszultségl) napcella (0,5V /0,8 A)

fenydetektorként ~ 2000 Ft
Iskola

b) Digitalis multimeéeter USB kimenettel PC-hez
Mérésadat-gyuUjtésre ~ 20 000 Ft (vagy sajat)
Iskola

C) Egyszerti kézi spektroszkop

Kb. 1000 vonal/mm racs, hullamhossz-skalaval.
(AstroMedia Zuckerdamm Neustadt, ~8 EUR)
és/vagy sajat gyartmany CD/DVD-bél; spektral-lampak
Iskola, OvegesLab, TudElményKozp, Egyetem
d) Elektrondiffrakcios csé ):a
Phywe, Leybold, ... : ]
OvegesLab, TudEIményKozp (Egyetem)




GM-10; )

GM-10 ,veégablakos” GM-45 Co- anticoincidence-box
Nuclear Radiation Detectors INTERNET kapcsolat'
JavaSO|t . blackcatsystems.com/GM/GeigerCounters.htn
. L, |[Feature |GM-10 |GM-45 |GM- %
osszeallitas: N Alpha Alpha 1skol Alpha
(mUon-det. |S) Radiation Detected gzt;ma Iskola gzt;ma SKOla gzt;ma
|Cs137 Sensitivity 11200 CPM/mR/Hr 13000 CPM/mR/Hr 16000 CPM/mR/Hr

2 db GM-45 (RS-232) |[co60 Sensitivity [1080 CPM/mR/Hr 3600 CPM/mR/Hr 7200 CPM/mR/Hr

1 db Co-antico box 0.59 inches dia by 1.61 |1.75 inches dia by 0.61 ;.;ﬁ Henes i iy -6l
GM Tube Dimensions I(c;régmm S B mihmm dis B T (44 mm dia by 15 mm
698+200=898+ USD VI IO B4 TRy righ
- (Note: Uses two tubes)
0vegesLab 4.25 by 2.6 by 1.2 5.3 by 3.4 by 1.5 5.3 by 3.4 by 1.5
, ’ Enclosure Dimensions |inches inches inches
; 3 (108 by 66 by 30 mm) |(135 by 86 by 38 mm) (135 by 86 by 38 mm)
u menynozgp
¢ |Price RS-232 Version [$199.00 5349.00 5649.00

Egyetem [Price USB Version  [$249.00 [$399.00 [$699.00




f) Diffuziés kédkamra részecskenyomok [
vizualis megjelenitesere |
Iskola Hazi keszitésl; Peltier-elemes hites

- Csatari L.
Phywe: Nagyfeluleti 40 cm x 40 cm kodkamra.
2-propanol parologtatasa. N

Hatogeppel -27 C az alaplap. ==
Folyamatos miikddés, heti W™ o
programozas. (~ 6 000 000 Ft) i——
Toltottrészecskek, 2
gamma-fotonok kozvetleniil, §

neutronok (n,p) szoras reven.

TudElményKozp, Egyetem
Internetes kozvetites!




g) Olcso web-kamera

a-részecskek kimutatasahoz ~ 5 000 Ft
(vékony ablakkal, vagy ablakatol megfosztva)
Iskola

h) Sugarforrasok a radioaktivitas kisérletekhez — ANTSZ-OAH!?
Iskola, OvegesLab, TudEIményKozp (,,C”-Szint?)

Természetes (vegyi)anyagok, keverékek: K, Th, U: nagy T1/2, kis A.
(Korlatozott az 6ssz-aktivitas!) K-40: sok vegyulet; mitragyaban is!

Sajat készitésl forrasok: levegdbdl porszivoval szlrbpapirra:
rovid T1/2, nagyobb A, de ~3 komponens van benne.

Segit a mentességqgi szint. Am-241 a—y-forras (432,2 év): 10 kBqg
(web-kamera a-detektor; kodkamra, ...). ~ 40 000 Ft

Cs-137 3—y-forras (30,1 év): 10 kBqg
K-40: mentesség 32 kg (!) kalium

Egyetem/Kutato: >,C” szint.



RADIOAKTIVITAS
A TERMESZET RESZE

€U olasz, német
és francia nyeiven

A radioakiivitas nyers természeti erd.
A radioakiivitas @ haboritatian :enmm ghoe

A radioaktivitas ablak az atommagok vil "
Aradioaktivitas a természet egyik nyogyvlo erbifiane E / T o el

Xy Kiaus-Dietor Gross (GSI)
Titokzatos, mert érzékelhetetien, . Helmut Loab (TU Wien)
Félelmetes, mert az emberek egymasra tudjak 52
Félelmetes, mert az ember Snmagara tudja szal ] v Amagyar valtozatot éirehozta
cs Péter, Sipos Altila, Szeged Sandor. Uray Istvin
De a radioaktivitds megzabolazhato. \ > i AR
az MTA Atommagkutatd Intézeto, Debrecen
Aradioaltiis.a terméazet vegykonyhaia; oy aiReraL \ Egyetem Kisétiet Fizikai Tarvszéke, Detrecen
elomek lalakuinak
atok
Mar itt van a madachi egykor" Oktatasi Minisztérum
Orszagos Alomenergia Hvatal
Paksi Atomersmd Rt
Az ember ez, ha egykor ellesi,
v 1 ‘a2 Eurbpa: Maghizikal EQyatimGiodési Tandcs (NGPECC)
Vegykonyhajaban szintén megteszi \/ \ Radioakilv Hulladékokat Kezelo Kht
PHYWE Systere GmbH, Gottngen

hitp:lelofizika unideb hu

[—

Txts

AhAAA

AAAAD

“Obdde, 5
iy
—

—1

'IL

Mindnyajan csillagok gyermekei
vagyunk

& galaxisok {ottek létre

fazidval. A vasnal azonban a fiizié megall, mivel ennél nehezebb atomok
fuzidja mér energiat fogyaszt.

A 3 més
atommagot is. A vassal bezarslag az Gsszes létez5 elem létrejohet a csillagok
belsejében

Tovabb az uranium irdnyaba:

A vasnal nehezebb elemek i il életének vége

mozgési energidja elég nagy ahhoz, hogy nehéz . A nehéz
atommagok létrejottéhez vezet az Gt. Ezért sajat

keresztil
létezésiinket is nagyszami radioaktiv izotopnak és nuklearis reakcionak készonhetjik.
01mkuwmw-mun:
nukleoszintézis folyamatait laboratdriumi kériiimények kozott. Ehhez atommagokat
W*ﬂwmgym- majd egymassal Gtkoztetik Sket. Hasonlo
béviteni. A

m.ml hat ] 2107612 112-es
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°||agunk IIZIka a“al Be|ama!o "alaral

ﬁ‘ lsé FelsﬁS Jelenseg

atar hatar

Meéret,tavolsag [m] z 109 10%* Elemirészek — Univerzum

Tomeg [kg] <1037 | >10°* Neutrin6 — csillagok ... Univerzum
Siiriség [kg/m?] = [ 10*7 ,Ur” — neutroncsillag

Energia [J] <1073 | >10*7 |Allapotszélesség-2 feketelyuk egyesiilése
Idé [s] 104 10 Osrobbands — proton élettartama
‘:;;ﬂ:;g?:ﬁ;isgg 19~ 1 Gravitacid — magero (erds/szin)

ORIASI - PARANYI
ROVID — HOSSZU
LASSU - GYORS
KONNYU - NEHEZ
EROS - GYENGE

ALTIUS




